The present study is to provide comprehensive data concerning the morphology of brachial artery which has a clinical significance for clinicians, orthopedics, vascular surgeons and anatomists. Materials and Methods: Routine dissections of the right and left upper limb of 34 adult cadavers (20 male and 14 female: mean age 78.9 year) were undertaken. It investigates the characteristics of the brachial artery such as the internal diameter, external diameter, wall thickness and distance of bifurcation of brachial artery. Results: The mean of the external and internal diameters of the brachial artery from proximal to distal ranged from 6.87-5.35 mm respectively. The bifurcation of the brachial artery from the head of radius into its terminal branch radial and ulnar artery ranged from 13.49-13.79 mm, while the distance of bifurcation of common interosseous from origin of the ulnar artery ranged from 33.11-33.45 mm. The angle of bifurcation of the radial and ulnar arteries from the brachial artery ranged from 5.79-7.33° and 18.640-19.36° respectively. Due to variability of the brachial artery in the upper limb, the surgical and invasive procedures are performed in the region such as artificial arterial-venous fistula become more difficult and may result in iatrogenic injury. Conclusion: Therefore, it is a clinical significant for surgeons to known the variable morphology and course of brachial artery to minimize surgical complication prior to operation.
Introduction
The brachial artery is the continuation of the axillary artery at the inferior border of teres major. In the upper part of the arm the brachial artery with its associated vein is accompanied by the median and ulnar nerves and the medial cutaneous nerve of the forearm. The brachial artery passes distally and laterally, lying medial to biceps brachii and anterior to coracobrachialis and brachialis. A major branch of the brachial artery is the profunda brachii which passes into and supplies the posterior compartment of arm. The profunda brachii is the main source of arterial blood to the arm. It accompanies the radial nerve through the spiral groove and is accompanied by its associated veins. In addition, to supplying muscles, the profunda brachii gives off nutrient arteries to the humerus and contributes to the anastomoses around both the shoulder and elbow joints. It ends by dividing above the elbow into two branches: the radial collateral artery which anastomoses anterior to the elbow with the radial recurrent artery, and the middle collateral artery which anastomoses posterior to the elbow with the interosseous recurrent artery. An ascending deltoid branch from the profunda brachii anastomoses with the posterior circumflex humeral artery, a branch of the axillary artery. The profunda brachii artery provides a potential alternative route of blood flow from the axillary artery to arteries below the elbow. As mentioned above, the brachial artery give off deep branches, but it also gives additional branches in the arm.
These are the superior and inferior ulnar collateral arteries, which anastomose with the ulnar recurrent branches of the ulnar artery to form a network around the elbow joint. As it proceeds distally in the arm the brachial artery passes anterior to the median nerve. In the cubital fossa the brachial artery lies deep to the bicipital aponeurosis, which protects it when taking blood from median cubital vein, which itself lies close to the surface of the skin (STANDRING, 2004) .
The diameter of major upper limb arteries gives many clues to the management of clinically related problems of humans. It is important that clinicians and anatomists have an understanding of the thickness, diameter and the variability of the brachial artery in the upper limb. As the variability of the brachial artery presents, the possibility of frequently vascular injury has to be considered during a number of surgical and invasive procedures (MALCIC-GÜRBÜZ, GURUNLUOGL, OZDOGMUS et al., 2002) . The brachial artery is used to measure the blood. Further, the brachial artery pulse is palpable on the anterior aspect of the elbow region in the cubital fossa. In the cubital fossa, the two branches of the brachial artery, superior and inferior ulnar collateral arteries, which arise proximal to the elbow, anastomose with the ulnar recurrent branches of the ulnar artery distal to the elbow joint. The profunda brachii artery gives rise to a radial collateral artery which anastomoses with the radial recurrent artery while the middle collateral artery anastomoses with the interosseous recurrent artery (STANDRING, 2004) .
Materials and Methods
Present study includes dissected of 34 cadavers (14 female and 20 male) which is in total 68 upper limbs (34 rights, 34 left) age range 37-96 years in which the brachial artery and its branches were exposed. It targets the bifurcation level of the brachial artery ( Figure 1 ) and its internal and external diameters by using vernier calliper, ruler and a protractor. For the brachial artery, measurements was taken at its proximal origin (lower border of teres major), just below profunda brachii branch, and distal part just proximal to the bifurcation in cubital fossa. Entire measurements were repeated three times and the average calculated. Prior to the measurement programme the upper limb was carefully dissected to expose the muscles in the area, especially teres major to locate the proximal part of brachial artery where the initial measurements of external and internal diameter were taken. The dissection continued down below the profunda brachii artery again to expose the middle of the brachial artery where the second set of measurements of external and internal diameter was taken. Further dissection was conducted around the cubital fossa to enable determination of the level of bifurcation of the brachial artery into its terminal branches where the third set of measurements of external and internal diameter were taken. In the cubital fossa the internal and external diameters of the brachial artery were determined at the bifurcation ( Figure 2 ). The level of bifurcation of brachial artery was also determined with respect to the head of radius ( Figure 3 ). The materials used in the measurement programme includes vernier calliper to measure the internal and external diameter ( Figure 2 ) and ruler to measure the position of the bifurcation of the brachial artery ( Figure 3 ).
Result
The 68 limbs studied all had a brachial artery with anastomosing with branches of other arteries in the region. All brachial arteries were in the expected anatomical position. The data were collected and calculated to measure the mean and standard deviation. T-tests were performed to assess differences in arterial diameter between females and males and right and left sides, as well as along the length of brachial artery. The data were collected from both limbs of 34 cadavers (14 female and 20 male): the mean male and female ages were 81 ± 7.2 and 75.9 ± 16.3 respectively. The combined mean age is 78.9 with standard deviation of 11.9 years. The range of ages of all cadavers was 37 to 96 years (Table 1) .
Further, the internal and external diameters as well as the thickness of the brachial artery in its proximal, middle and distal parts for both females and males have been measured. In both sexes there is gradual change of size in both internal and external diameter, with the proximal part being larger, decreasing in size in the middle part and becoming larger again in the distal part. The brachial artery was significantly larger in males than females. In addition, the left side thickness of the middle part is significantly (Ρ<0.05) larger than the right in females (Table 2) .
Moreover, the mean, standard deviation and the range of values of the level of bifurcation of the brachial artery with respect to the superior margin of the head of the radius have been calculated. As can be seen the male value is significantly (Ρ<0.05) larger than the female value. Negative values indicate that the level of bifurcation is proximal to the superior margin of the head of the radius: this was observed in only one cadaver (Table 3) .
Discussion
The main vascular variability of upper limb occurred in origin, branch and course reported in series studies (MCCORMACK, CAULDWELL and ANSON, 1953; BERGMAN, THOMPSON and AFIFI, 1985; WATANABE, TAKATSUJI, SAKAMOTO et al., 1985; RODRIGUEZ-NIEDENFUHR, VAZQUEZ, NEARN et al., 2001) ranging from 9% to 18.5% (CIERVO, KAHN, PANGILINAN et al., 2001) . Recently, it has been recorded to be high privilege as 34.7% (VANDANA, SURESH and PRABHA et al., 2012) . The vascular variability of upper limb is due to either growth or involution of vascular plexus of the limb buds during embryo stage development (SINGER, 1933; MCCORMACK, CAULDWELL and ANSON, 1953; RODRIGUEZ-BAEZA, NEBOT, FERREIRA et al., 1995; JURJUS, CORREA-DE-ARUAUJO and BOHN, 1999; RODRIGUEZ-NIEDENFUHR, VAZQUEZ, NEARN et al., 2001) . The vascular variations of upper limb studies provide several clinical and surgical significances (JURJUS, CORREA-DE-ARUAUJO and BOHN, 1999; PANDEY, GANGOPADHYAY, TRIPATHI et al., 2004) .
The brachial artery is a direct continuation of the axillary artery below the teres major (STANDRING, 2004) . In few cases, the axillary artery has been reported to terminate into superficial and deep brachial arteries (NAKATANI, TANAKA, MIZUKAMI et al., 1996; CAVDAR, ZEYBEK and BAYRAMICLI, 2000; DURGUN, YÜCEL, KIZILKANAT et al., 2002; YOSHINAGA, TANII and KODAMA, 2003; LAPPAS, LIASKOVITIS and GISAKIS, 2004; CHERUKUPALLI, DWIVEDI and DAYAL, 2008; GOSWAMI, TIGGA and BHARIHOKE, 2013) . The superficial bracial artery was previous known as superficial brachioulnoradial artery by Moncayo-Marques in his report in 1941 ranging from 0.14-1.3% (QUAIN, 1844). In previous report, bifurcation of axillary artery into superficial and deep brachial has been estimated in 13.4% of Afro-Americans and in 4.6% of Caucasians (DE GARIS and SWARTLEY, 1928) . In current study, the brachial artery is found to be a direct continuation of axillary artery in entire cases.
A congenital absence of the brachial artery has been reported by Ciervo, Kahn, Pangilinan et al. (2001) whereas the brachial artery presence in entire cases in current study. Furthermore, the trifurcation of brachial artery has been reported in series report (PATNAIK, KALSEY and SINGLA, 2001; MALCIC-GÜRBÜZ, GURUNLUOGL, OZDOGMUS et al., 2002; VALLOLA, NAGABHOOSHANA and BHAT, 2008) and estimated in 1.7% (AL-SOWAYIGH, ZAKI, EL-HAGGAGY, et al., 2013) . In cubital fossa, the brachial artery usually bifurcates into radial and ulnar artery at the level of neck of radius (STANDRING, 2004) in 21.7% while it divides either above in 11.7% or below it in 6% (AL-SOWAYIGH, ZAKI, EL-HAGGAGY, et al., 2013) . Also, the bifurcation of the brachial artery occurred proximal to interchondyler line referred as a high division in which has been reported in series studies (MOORE and PERSAUD, 1999; CELIK, GÖRMÜS, ALDUR, et al., 2001; PATNAIK, KALSEY and SINGLA, 2001; QUARRAT, KAUSER and RAZA, 2002; CHERUKUPALLI, DWIVEDI and DAYAL, 2008; SATHYNARAYAN, SUNITHA, SHAIK et al., 2010; SINGH, GUPTA, BARGOTRA et al., 2010) . The high brachial artery bifurcation is most common vascular variation of the upper limb (MCCORMACK, CAULDWELL and ANSON, 1953; RODRIGUEZ-NIEDENFUHR, VAZQUEZ, NEARN et al., 2001) which occurs in 12.3% (KIAN, SHAPIRO, SALMAN et al., 2012) or 10% (AL-SOWAYIGH, ZAKI, EL-HAGGAGY, et al., 2013) . In present study, the brachial artery bifurcates into ulnar and radial arteries in different level distal to the superior margin of the head of the radius. In current study, the brachial artery has regular course in 95% in United Kingdom population whereas it was 91.7% in Indian population (VANDANA, SURESH, PRABHA et al., 2012) . In current study, the bifurcation level occurs distal to the superior margin of the head of the radius more in male than in female. In one male cadaver, the level of bifurcation is proximal to the superior margin of the head of the radius in 5% and classified as high bifurcation of the brachial artery based on previous reports. Recently, the high brachial bifurcation found to be in 5% of Indian population (VANDANA, SURESH, PRABHA et al., 2012) whereas it found to be in 3% of United Kingdom population (Table 3) . The high bifurcating level of brachial artery has been accounted be predictor of brachiocephalic fistula failure (LIOUPIS, MISTRY, JUNGHANS et al., 2010; KIRKSEY, 2012) .
Based on ultrasound study, the success rate of artificial arteriorvenous fistula for hemodialysis purpose is increased as the internal diameter of artery is more than 0.16 mm (KIAN, SHAPIRO, SALMAN et al., 2012) . Therefore, the main findings of present study are relatively focused on morphology including the external and internal diameter as well as wall thickness of the proximal, middle and distal part of brachial artery. The mean value of combined female and male internal diameter, external diameter and wall thickness of the brachial artery as follows. In current study, the external diameter (mm) of the brachial artery at proximal (left 6.63 and right 6.87), at middle (left 5.04 and right 5.24) and at distal (left 5.35 and right 5.54). The internal diameter (mm) of brachial artery at proximal (left 6.14 and right 6.44), at middle (left 4.68 and right 4.90), and at distal (left 4.93 and right 5.09).The thickness of the brachial artery on the left side at proximal (0.25), at middle (0.18), distal (0.21).The thickness on the right side at proximal (0.21) at middle (0.17) at distal (0.22). This figures shows the right side is significantly larger than the left. Therefore the artificial arteriovenous fistula is more suitable right than the left side. Furthermore, the proximal part is the accurate site for artificial fistula to connect the artery to vein based on internal and external diameter as well as wall thickness of the brachial artery. In previous study, the diameter of the brachial artery for men is 4.71 ± 0.53, women is 3.35 ± 0.35mm and in all subjects is 4.03 ± 0.82 mm (JENSEN-URSTAD and ROSFORS, 1997). Our case is significantly larger because of connective tissue remain on the vessels or the number of population is greater than the report this may bring difference in result. In previous and current study, relatively the mean diameters of the female are significantly less than the male. This might be due to gender difference or the history of the individual at the time of death may influence the size of the artery.
Conclusion
It is important for surgeons to known the variable morphology and course of brachial artery to minimize surgical complication during operation. Clinician, surgeons and radiologist should be aware that the arterial diameter (both internal and external), wall thickness to improve the artificial arteriovenous fistula for patient who need haemodialysis. Table 3 . Distance (mm) of the level of bifurcation of the brachial artery from the superior margin of the head of the radius.
Sample Side
The distance level of bifurcation of the brachial artery from the superior margin of the head of the radius ( 
